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Summary 

It is apparent that subarachnoid clots play an 
important role in the development of delayed 
vasospasm that is one of the major causes of 
mortality and morbidity in patients with acutely 
ruptured cerebral aneurysm. The purpose of this 
study is to compare the clearance of subarach
noid clots in the acute stage after the treatment 
with Guglielmi detachable coils (GDC) and af
ter treatment with direct surgery. 

Forty-nine patients were treated by GDC em
bolization within four days of the ictus. After 
GDC embolization, adjunctive therapies, such 
as ventricular and/or spinal drainage (67%), in
trathecal administration of urokinase (41%), 
continuous cisternal irrigation (16%), and exter
nal decompression (16%), were performed. Sev
enty-four surgically treated patients were subse
quently treated by continuous cisternal irriga
tion with mock-CSF containing ascorbic acid 
for ten days. The clearance of subarachnoid 
clots was assessed by the Hounsfield number se
rial changes on the CT scans taken on days 0, 4, 
7, 10 after subarachnoid hemorrhage. 

The incidence of symptomatic vasospasm was 
lower in the GDC group (6%) than in the 

surgery group (12%). The clearance of sub
arachnoid clots from both the basal cistern and 
the Sylvian fissure was more rapid in the GDC 
cases than in the surgery cases in the first four 
days. Intrathecal administration of urokinase ac
celerated the clearance significantly. 

GDC embolization followed by intrathecal 
administration of thrombolytic agents acceler
ates the reduction of subarachnoid clots and fa
vorably acts to prevent delayed vasospasm. 

Introduction 

Early surgical intervention followed by ag
gressive management against delayed va
sospasm has now been the standard treatment 
for the patients with acutely ruptured cerebral 
aneurysm. However, delayed vasospasm still 
remains one of the main leading causes of per
manent neurological disability and death in 
these patients. We have reported that the inci
dence of symptomatic vasospasm in the pa
tients treated with Guglielmi detachable coils 
(GDC) was lower than that in the surgically
treated patients 1.2 . 

Though the mechanisms of delayed va-
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Figure 1 Serial CT scans of a representative case treated with GDC embolization. 

sospasm have not been fully understood, its oc
currence has been known to be related to sub
arachnoid clot density. Therefore, we studied, in 
the present study, clearance of subarachnoid 
clots both in the patients treated with GDC 
and direct surgery. 

Patients and methods 

We basically choose GDC embolization for 
the patients whom direct surgery is not suitable 
due to their poor neurological and/or general 
conditions or advanced age, as well as the loca
tion and multiplicity of aneurysms. 

This retrospective analysis was undertaken 
in a series of 49 cases treated with GDC em
bolization within four days of the ictus (GDC
treated group) and in 74 patients treated with 
direct surgery as the control (surgically-treated 
group). 

After GDC embolization, the patients were 
treated in the intensive care unit with the same 
protocol as that used for the surgically-treated 
group. The post-operative protocol is normov
olemic hyperdynamic therapy with administra
tion of calcium channel blockers and some oth
er agents. 

For the patients in the GDC-treated group, 
ventricular and/or spinal drainage was intro
duced in 67% (33 out of 49), urokinase was in
trathecally administered in 41 % (20 out of 49), 
continuous cisternal irrigation was performed 
in 16% (8 out of 49), and external decompres
sion was performed in 16% (8 out of 49). For 
all 74 surgically-treated cases, continuous cis-

ternal irrigation with moc-CSF containing 
ascorbic acid was performed for 10 days. 

Following factors were studied: 1) incidence 
of symptomatic vasospasm (SVS) in the GDC
treated and surgically-treated cases, 2) clear
ance of subarachnoid clots from the basal cis
tern and the Sylvian fissure in 15 GDC-treated 
and 18 surgically-treated cases, 3) The effect of 
intrathecal urokinase administration on the 
clearance of subarachnoid clots. Clearance of 
subarachnoid clots was assessed by serial 
changes of the Hounsfield number on the CT 
scans taken on day 0, 4, 7, and 10 after sub
arachnoid hemorrhage (SAH). 

Results 

1) Incidence of symptomatic vasospasm 
The incidence of symptomatic vasospasm in 

the surgically-treated group was 12%, whereas 
that in the GDC- treated group was 6%. 

2) Clearance of subarachnoid clots from the 
basal cistern and the Sylvain fissure 

Figure 1 shows the serial CT scans in a rep
resentative case with ruptured A-Comm 
aneurysm (74 y.o. male, Hunt & Kosnic Grade 
4). This patient was treated with GDC em
bolization on Day 0 and then intrathecally ad
ministered with 6000 units of urokinase twice a 
day for the following three days. Subarachnoid 
clots looked completely cleared out by Day 4. 

Figure 2 shows reduction of the Hounsfield 
number in the basal cistern and the Sylvian fis
sure after SAH. Reduction was more rapid in 
the GDC-treated group than in the surgically-O 
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Figure 2 Serial changes in the Hounsfield number of the basal cistern (left) and the Sylvian fissure (right) in the GDC-treat
ed group and the surgically-treated group. 

3) Effect of the intrathecal urokinase adminis
tration on the subarachnoid clots clearance 

In the basal cistern, reduction of the 
Hounsfield number was fastest in the GDC 
with urokinase group, then in the GDC without 
urokinase group, and slowest in the surgically
treated group. 

Difference in the reduction was significant 
between the GDC with urokinase group and 
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the surgically-treated group at day 4 (figure 3). 
In the Sylvian fissure, the reduction of the 
Hounsfield number was faster in the GDC with 
urokinase group, and almost same in the GDC 
without urokinase group and the surgically
treated group. Difference in the reduction was 
significant between the GDC with urokinase 
group and the other two groups at day 4 (figure 
3). 
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Figure 3 Serial changes in the Hounsfield number of the basal cistern (left) and the Sylvian fissure (right) in the GDC-treat
ed group with or without intrathecal administration of urokinase (UK) and in the surgically-treated group. 
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Discussion 

Primary brain damage caused by the initial 
aneurysm bleeding, rebleeding and delayed va
sospasm are the major reasons for mortality 
and morbidity in patients with acute rupture of 
an intracranial aneurysm. Early surgical inter
vention, which is now a standard treatment of 
this disease, prevents subsequent aneurysm 
bleeding and allows to perform aggressive 
management against delayed vasospasm. We 
have performed normovolemic hyperdynamic 
therapy and continuous cisternal irrigation 
with moc-CSF containing ascorbic acid in all 
surgically-treated patients and have succeeded 
in reducing the incidence of SVS to 12 %. The 
present study has shown that the incidence of 
SVS in the GDC-treated cases is still lower 
(6%). Yalamanchili also reported that the fre
quency and severity of cerebral vasospasm 
might be reduced in the patients treated by en
do vascular occlusion compared with those 
treated by surgical clipping 3. 

Though the etiology of delayed vasospasm 
has not yet been fully understood, clots in the 
subarachnoid space apparently play an impor
tant role in its development. In the case of sur
gical clipping, subarachnoid clots can be direct
ly removed during the surgery, which is not 
possible for endovascular treatment. However, 
endovascular treatment has following two ad
vantages in early clearance of subarachnoid 
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